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Novel synthetic peptides with antimicrobial and endotoxin neutralizing properties for 
management of the sepsis syndrome 



accidents and other traumatic events, may lead to serious clinical symptoms such as sepsis, 
septic shock, inadequate organ perfusion, multiple organ failure and acute respiratory distress 
syndrome (ARDS). Despite advances in medicine over the past decade, an increase in the 
incidence of sepsis is evident with a mortality rate of 20 to 80%. The sepsis syndrome is 

10 initiated when micro-organisms bypass the natural defensive barriers of the body, such as 
skin and mucous membranes. If the immune system is unable to arrest the infection locally, 
the organism or its toxins may invade the circulation, where specific bacterial products elicit 
an inflammatory response that leads to the activation of an array of plasma proteins and 
cellular defense systems. Although mobilisation of the defence systems of the host is of 

15 paramount importance in combatting invading organisms, a cascade of events may 
simultaneously be triggered that can lead to irreversible tissue injury and organ dysfunction. 
Uncontrolled infections with Gram-negative bacteria such as Escherichia coli, Klebsiella 
spp.^ Neisseria spp,, Pseudomonas aeruginosa. Salmonella spp, or Bordella spp. or the 
Gram-positive bacteria Staphylococcus aureus, Enterococcus spp., Streptococcus spp., 

20 Micrococcus luteus or Listeria monocytogenes give rise to a variety of clinical symptoms 
collectively referred to as the sepsis syndrome. The component of Gram-negative bacteria 
responsible for the initiation of the host response is termed endotoxin or lipopolysaccharide 
(LPS), a major glycolipid constituent of the outer membrane, Li the circulation, LPS 
stimulates specific blood cells to produce endogenous mediators of inflammation termed 

25 cytokines such as tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6) and interleukin-8 
(JL-S) which have profound physiological effects on the organs and blood vessels of the 
body. Persistent stimulation of the cellular defence system by excessive LPS leads to 
overproduction of cytokines which activate a cascade of secondary inflammatory mediators 
eventually leading to blood vessel damage, circulatory and metabolic disturbances. The toxic 

30 component of the LPS molecule is the highly conserved Lipid A moiety which is sufficient to 
induce the pathophysiological changes characteristic of sepsis. 




Bacl^round of the invention 
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Bacterial infections as a complication of surgery, prolonged hospitalization, 
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The prognosis of patients with endotoxemia would be considerably improved if the 
onset of sepsis could be detected at a sufficiently early stage in the disease process to enable 
effective treatment. Direct measurement of circulating endotoxins is of importance for the 
prediction of important clinical events such as bacteremia, septic shock and death. Clinically 
5 significant endotoxemia may go undetected by the currently available endotoxin assay, the 
Limulus amoebocyte lysate assay or LAL test, which has been shown to have serious 
limitations relating to sensitivity as well as to interference by plasma factors. 

Current therapeutic options for Gram-negative bacterial sepsis are limited to anti 
microbial agents, hemodynamic support and management of sepsis-induced organ 

10 dysfunction. Although conventional antibiotic therapy is effective in halting the proliferation 
of susceptible micro-organisms, the massive release of LPS into the circulation by damaged 
bacteria may aggravate a septic episode. The relative importance of endotoxin release 
(endotoxemia) versus bacterial proliferation (bacteremia) during Gram-negative septic shock, 
however, has not fully been defined. Extensive clinical use of conventional antibiotics such as 

1 5 penicillins, cephalosporins and the like, in the treatment of bacterial infections during the past 
three decades, has resulted in a dramatic reduction in the efficacy of antibiotic therapy due to 
an alarming increase in the number of multi-dmg-resistant bacteria. 

Efforts to intervene directly in the pathophysiological mechanisms which underlie 
the septic process have yielded inconsistent and largely disappointing results. Anti-endotoxin 

20 monoclonal antibodies, anti-cytokine therapies and other anti-inflammatory strategies have 
proven not to be of sufficient benefit to warrant approval as standard adjunctive therapies for 
human sepsis. Because of the central role of LPS in the development of the sepsis syndrome, 
therapies designed to enhance the clearance or to neutralise the detrimental effects of 
endotoxin may prove beneficial. Therapy targeting the initial interactions of LPS is likely to 

25 be of most benefit when administered either early in the pathogenesis before widespread 
vascular injuries have taken place or prophylactically to high risk patients. However, since it 
is important to prevent further activation of inflammatory cells during the course of bacterial 
sepsis there may be a role for such treatment even after septic shock has become established. 
Characteristics of an anti-endotoxin reagent that would be desirable for therapeutic 

30 application include specific and avid binding to LPS concomitant with LPS-neutralizing 
activity, inherent systemic stability and low cytotoxicity. 
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A clinical syndrome indistinguishable from Gram-negative septic shock via the 
same endogenous mediators of inflammation in the absence of endotoxemia may be initiated 
by Gram-positive bacteria, hi this instance, the initiation of the host response has been 
attributed to lipoteichoic acid (LTA), a major constituent of the outer membrane of Gram- 
5 positive bacteria. An additional cell-wall component common to both Gram-negative and 
Gram-positive bacteria that has been shown to induce cytokines in vitro, is the peptidoglycan 
and/or naturally occurring breakdown products of this macromolecular structure. Although 
LPS and LTA share few common structural features, one common physical property of these 
molecules is amphipathicity, a consequence of a specific orientation of negatively charged 
10 hydrophilic groups and hydrophobic side chains of long-chain fatty acid residues. On the 
basis of recent experimental evidence, a number of common steps in the pathway of cytokine 
induction by these toxic bacterial cell-wall components has been proposed. 

Anti-microbial peptides are generally induced in animals in response to injury and 
infection. The synthesis of these factors of the innate or non-adaptive immune system may be 

15 induced by a variety of stimuli including Gram-positive and Gram-negative bacteria, fungi 
and viruses. Animal peptide antibiotics are generally small linear or cyclic basically charged 
molecules such as cecropins and defensins from mammalian and insect cells, magainin from 
frog skin, melittin from bee venom and tachyplesins from the horseshoe crab hemolymph 
which act on a rather broad spectrum of microbial organisms that often belong to the natural 

20 flora associated with the animal. The antibacterial activity of the linear class of cationic 
peptide antibiotics has been found to be dependent on the ability to form a-helical structures 

which are capable of disrupting the integrity of the bacterial outer membrane (OM) by the 
formation of ion-channels in the lipid bilayer due to self-aggregation of peptide monomers in 
which the hydrophilic amino acid residues are oriented towards the interior of the 'membrane 

25 pore' and the hydrophobic residues at the exterior interacting with phospholipid groups of the 
cell wall. The molecular basis of the integrity of the OM resides in the electrostatic linkage 
between the negatively charged Lipid A components of adjacent LPS molecules and divalent 
cations such as Mg^"^ and Ca^^. Disruption of the cross-linkages, by displacement of these 
cations with positively charged entities of high affinity for LPS, was postulated to result in 

30 membrane destabilization. However, previous studies have also indicated that cationicity of 
an anti-microbial peptide alone is not the sole determinant for OM-permeabilizing activity, 
but that a specific configuration is essential for high affinity binding to LPS. In addition, since 
the Lipid A moiety of LPS is not easily accessible from the periphery of the cell by virtue of 



BO 40726 US 



PCT/NL97/00449 



4 



being submerged in the membrane, a further requirement of an effective LPS ligand could be 
small size for effective membrane penetration. 



bind and neutralize LPS. These include polymyxin B (PmB), Z/7ww/w5-anti-LPS factor 
5 (LALF), the human neutrophil-derived CAP 18 and bactericidal/permeability-increasing 
protein (BPI). PmB and LALF detoxify LPS in vitro and afford protection against endotoxin- 
mediated lethality in experimental animals, but toxicity precludes their clinical use against 
Gram-negative bacterial infections. The CAP 18 protein inhibits LPS responses in vitro but 
currently available data are not sufficient for assessment as a potential therapeutic agent in the 

10 treatment of sepsis. Limitations to the therapeutic utility of the BPI protein or the truncated 
recombinant derivatives rBPha or rBPbi in clinical endotoxic shock, are the rapid clearance 
from the circulation and lowered efficacy against complex endotoxins. Synthetic peptide 
derivatives incorporating the potential LPS-binding domains of LALF, CAP 18 or BPI have 
all shown unfavourable properties such as diminished anti-microbial activity and lowered 

1 5 affinity for Lipid A with respect to the parent molecules. 

Description of the invention 

The applicants have derived a new generation of LPS-binding peptides termed 
bactericidal peptides (BP) by means of molecular modelling and rational design techniques. 
General properties included in the design of the peptides were restricted size, unique 

20 conformational and chemical characteristics, solubility and low cytoxicity. Specific 
characteristics included in the structure of the peptides were the presence of multiple 
sequence elements constituting potential LPS-binding domains presented in a specific 
conformation for optimal binding (high avidity) to the lipid A component of LPS. The 
peptides can be synthesized by solid-state chemistry with Fmoc (9-fluorenylmethoxy- 

25 carbonyl) amino acid derivatives, purified to homogeneity by reverse-phase high-pressxire 
liquid chromatography and verified by analytical HPLC, amino acid analysis and mass- 
spectrometry in a maimer known per se. Any known methodology of peptide synthesis can be 
applied and is readily available to a person skilled in the art. 

Characteristics of the invention 

30 Biochemical and biological characterisation of the synthetic peptides or biotinylated 

derivatives demonstrated: 



A number of naturally occurring proteins and polypeptides have been reported to 
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1) Potent anti-microbial activities against Gram-negative as well as Gram-positive 
bacteria 

2) The ability to bind specifically to the Lipid A components of heterologous 
endotoxins with high affinity relative to Polymyxin B, an established high affinity 

5 endotoxin binder. 

3) The ability to complex vnth and precipitate LPS firom solution. 

4) The ability to detect endotoxin concentrations of <0. 1 pg/ml in diluted plasma. 

5) The ability to neutralize endotoxin-mediated cytokine production in whole blood ex 
vivo. 

10 6) The ability to prevent septic shock in mice challenged with lethal doses of 
endotoxin. 

7) The ability to prevent septic shock in mice challenged with lethal doses of live 
pathogenic bacteria. 



1 5 Applications of the invention 

As a consequence of the unique properties of the synthetic peptides applications 
could include: 

1) Treatment of topical and systemic infections by multi-drug-resistant bacteria v^th 
peptide alone or in combination v^th conventional antibiotics. 
20 2) Quantitative removal of endotoxins from physiological and pharmaceutical 
solutions. 

3) Development of a new endotoxin assay, termed the Endotoxin hihibition ELISA 
(EIE) on a commercial basis for clinical diagnostic use with the use of biotinylated 
peptide derivatives. 

25 4) Prevention of sepsis by prophylactic use of peptides of the invention after surgery of 
high risk patients. 

5) Treatment of the septic shock syndrome in mammals including humans. 

Considering the general membrane destabilizing properties of amphipathic a-helical peptides 
30 as well as the demonstrated antitumor as well as the predicted antifungal, antiviral and 

anti-inflammatory properties, other possible applications of the synthetic peptides of the 
invention include: 
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6) Treatment of the infectious disease caused by the systemic merezoite forms of the 
malaria parasite Plasmodium spp. 

7) Treatment of other parasitic diseases such as Trypanosomiosis. 

8) Treatment of topical and systemic malignancy. 
5 9) Treatment of fungal infections. 

1 0) Treatment of viral infections. 

1 1 ) Treatment of inflammation. 



Objectives 

10 Accordingly the primary object of the invention is to employ the novel peptides in 

the further development of a new endotoxin assay on a commercial basis for clinical 
diagnostic use. 

It is also an object of the invention to provide novel prophylactic peptides for use in 
the prevention of septic shock. 

15 It is also an object of this invention to provide novel therapeutic peptides for use in 

the treatment of septic shock. 

It is also an object of the invention to provide novel peptides for the quantitative 
removal of endotoxins from pharmaceutical solutions. 

It is also an object of the invention to provide novel therapeutic peptides for the 
20 treatment of infectious diseases in general. 



Brief description of the drawings. 

* Figure^ The effect of synthetic peptides on the survival of E. coli 0111 :B4 (panel A) or S. 

//V aureus (panel B). Logarithmically growing bacterial cells at a density of 10^ cells/ml in Luria- 

25 Bertani (LB) medium were incubated with synthetic peptides at concentrations of 3, 5 and 
7|ig/ml (1,2 and 3 \xM) at 37 for Ih and the residual cell density expressed as a percentage 
of the value obtained from bacterial cultures without added peptides. 

Figure 2. Endotoxin complexation activity of the synthetic peptides. Peptides at 
concentrations of 100 to 600 Hg/ml were incubated v^th E, coli D31m4 Re or J5 LPS at 100 
30 |ig/ml in a total volume of 100 jil pyrogen-free phosphate buffered saline (PBS) in plastic 
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ELISA microtiter plates for 30 min at 23 °C. The turbidity produced by the insoluble peptide- 
endotoxin complexes was measured at 340 nm. The values represent the mean of three 
determinations and were corrected for controls containing the same concentrations of 
endotoxin or peptide. 

5 Figure 3. Lipid A binding affmity of the synthetic peptides. Plastic ELISA microtiter plates 
were coated with purified E. coli D31m4 Lipid A at 1 ^ig/ml. Incubations were for 20 min 
with the indicated concentrations of synthetic peptides BPl, BP2 or BP2.1 or control peptide 
BPI(85-io2) followed by streptavidin-HRP at a dilution of 1 in 20 000. Washing steps to 
remove excess peptide or streptavidin were v^th 50 mM Tris buffer pH 7.4 containing 0.05% 
10 (v/v) Tween 20. Development was with TMB substrate for 10 min. The optical density (O.D) 
at 450 nm was measxired with a microplate reader and values were corrected for non-specific 
binding which was generally between 5 and 10%. The plotted values are the corrected means 
of triplicate experiments. 

Figure 4: Effect of endotoxin complexity and plasma concentration on the binding of 
15 synthetic peptide BP2 of the invention to immobilized LPS. Coated ELISA microtiter plates 
containing E.coli D31m4 Lipid A, Re, J5 or 0111:B4 LPS were incubated v^th synthetic 
peptide at a concentration of 40 ng/ml in the presence of plasma at dilutions to 10% (v/v). 
Binding activity was determined by the ELISA microplate lipid A binding assay as previously 
described. . ^„ 



synthetic peptide BP2, immobilized on 20 l^g of streptavidin-coated supramagnetic 
polystyrene beads (Dynabeads M-280, Dynal A.S., Oslo, Norway) was incubated with the 
indicated amounts of chemiluminescent TAG-labeled E, coli J5 LPS for 20 min at 23 ^'C. The 
amount of captured endotoxin, after a washing cycle with Phosphate buffer containing 0.1% 
25 (v/v) Triton XI 00, was determined by electochemiluminescence detection (ECL) using an 
Origen Analyser (Igen Inc., Rockville, MA). Panel A shows saturation of the lipid A binding 
activity of the synthetic peptide at an 8-fold molar excess of LPS. Panel B demonstrates a 
linear binding response up to a 2-fold molar excess of LPS. The values are the means of 
triplicate determinations corrected for non-specific binding. 

30 Figure 6. Competitive inhibition of binding of synthetic peptide BP2 to immobilized lipid A 
by endotoxin. Biotinylated BP2 peptide in the indicated concentration range was pre- 
incubated with E, coli 01 1 1 :B4 LPS at 1 pg/ml for 20 min at 23 ''C and the residual endotoxin 
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binding activity was determined with the use of a lipid A binding ELISA microplate assay. 
Individual values are the means of triplicate experiments corrected for non-specific binding. 

Figurejbl Detection of endotoxin in solution with a Lipid A binding assay, the endotoxin 
inhibition ELISA (EIE) microplate assay. Dose-response of residual LPS binding activity of 
synthetic peptide BP2 at 8 ng/ml after pre-incubation with E, coli 01 1 1 :B4 LPS in the ranges 
from 0.1 to 1000 pg/ml (Panel A) or from 0.1 to 100 pg/ml (Panel B). 

Figure 8. Effect of pre-incubation oi E. coli 0111:B4 LPS with synthetic peptides BPl, BP2 
and control peptide BPI(85-i02) on cytokine production in 1 in 10 diluted whole blood. The 
indicated amounts of E. coli 0111:B4 LPS from 0.1 to 1 ng/ml were pre-incubated with the 
10 synthetic peptides BPl or BP2 or the control peptide BPI(85.io2) at concentrations of 10 l^g/ml 
for 30 min at 37 and the cytokine inducing ability of the LPS measured in diluted whole 
blood containing heparin at 100 I.U/ml after incubation for 16h at 37 ^C. Each value is the 
mean of triplicate experiments. The controls contained only LPS. 

Figure 9. Effect of simultaneous addition of E, coli 0111:B4 LPS and synthetic peptides on 
15 IL-6 production in whole blood diluted 1 in 10. Synthetic peptides BPl or BP2 or the control 
peptide BPI(85-io2) at the concentrations indicated, were added together with E, coli 0111:B4 
LPS at 1 ng/ml to diluted whole blood containing heparin at 100 I.U/ml. IL-6 concentration 
was determined after incubation for 16h at 37 °C. Each value is the mean of triplicate 
experiments. Controls contained no added peptide. 

20 Figure 10. Effect of heparin on the efficacy of neutralization of the IL-6 inducing ability of 
coli 0111:B4 LPS by synthetic peptide or Polymyxin B in whole blood diluted 1 in 10. 
Synthetic peptides at concentrations of 2 Rg/ml or PmB at 1 ^g/ml was pre-incubated for 30 
min at 37 °C with E, coli 0111 :B4 LPS at 1 ng/ml in RPMI medium containing heparin in the 
concentration range of 0.1 to 100 I.U/ml. The residual cytokine inducing ability of the treated 
25 endotoxin was determined in diluted whole blood containing heparin at 2 lU/ml after 
incubation for 16h at 37°C. Each value is the mean of triplicate determinations corrected for 
background. Controls contained only LPS. 

Figure 11. Effect of pre-incubation of E. coli 0111:B4 LPS v^th synthetic peptides or 
Polymyxin B on TNF-a levels in whole blood ex vivo. The indicated amovmts of synthetic, 
30 control peptides or PmB were pre-incubated with E, coli 01 11 :B4 LPS at 1 ng/ml for 10 min 
at 23 ^'C, added to whole blood containing heparin at 2 I.U/ml and the TNF-a concentrations 
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determined after incubation for 4h at 37 ^C. Each value is the mean of tripUcate experiments. 
Controls only contained LPS. 

Figure 12. Effect of pre-challenge addition of synthetic peptides on TNF-a levels induced by 
E. coll 0111:B4 LPS in whole blood ex vivo. The synthetic peptides BP2, BP2.1 or BP2.2 
5 were added to whole blood containing heparin at 2 I.U/ml at the concentrations indicated and 
incubated for 10 min at 37 ^C. TNF-a concentrations were measured after incubation for 4h 
at 37 ''C subsequent to addition of E. coli 01 1 1:B4 LPS at 1 ng/ml. The values represent the 
means of triplicate experiments. Controls only contained added LPS. 

Figure 13. Efficacy of synthetic peptide BP2 on survival in a murine model of lethal 
10 endotoxemia. Outbred femal Swiss- Webster mice of 7 to 8 weeks, weighing 28 to 30 g were 
treated with BP2 peptide by intraperitoneal (i.p) administration of a dose of 5 mg/Kg in 
pyrogen-free saline. Twenty minutes later the mice were challenged by i.p administration of 
the sensitizing agent Actinomycin D at 800 M^g/Kg plus lethal concentrations of purified E, 
coli 01 1 1:B4 LPS at 5 or 1 1 l^g/Kg. Control groups only received Actinomycin D plus LPS. 
15 Survival was recorded at 24h intervals during a 7 day period of observation. The indicated 
values are the combined results of three independent experiments. 

Figure 14. Efficacy of synthetic peptide BP2 on survival in a murine model of lethal 
peritonitis. Outbred female Swiss-Webster mice of 7 to 8 weeks, weighing 28 to 30 g were 
administered a predetermined lethal dose of 10"* colony forming units (CPU) of the 

20 pathogenic strain of live E. coli 0118:K1:H7 Bort organisms by intraperitoneal (i.p.) 
administration in 0.5 ml pyrogen-fi-ee saline. After a delay of 1 h after infection, treated 
groups of mice received synthetic BP2 peptide in p.f saline at a dosage of 100 |xg/mouse 
(approximately 4 mg/kg) and negative control groups only saline. Survival was recorded at 12 
or 24 h intervals during a 7 day period of observation. The indicated values are the combined 

25 results of two independent experiments. 

Detailed description of the invention 

Theoretical considerations in the design of the novel peptides 

The paradigm used in the design process of the synthetic peptides involved 3 steps: 
30 i) identification of the amino acid side-chains (pharmacophoric groups) that may be 
responsible for Lipid A binding, ii) determination of the spatial arrangement of these groups. 
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and iii) design of a peptide backbone upon which these groups are mounted in a way so as to 
retain a specific spatial orientation for optimal ligand binding. 

On the basis of primary amino acid sequence and secondary structure comparisons together 
with moleciilar modelling of potential LPS-binding domains of naturally occurring anti-LPS 
5 and antibacterial proteins/peptides of mammalian, amphibian and insect origin, as well as 
functional comparisons relating to biological activity, a new generation of synthetic LPS- 
binding peptides of the invention was derived. Objectives included in the design were 
restricted size, optimized amphipathic a-helical structures with tandem arrays of potential 
LPS binding motifs, consisting of cationic and hydrophobic residues positioned in a specific 
10 orientation v^th respect to the helix for optimal binding to the negatively charged phosphate 
and hydrophobic groups of Lipid A. ki addition, an approximately equal proportion of 
hydrophobic and basic amino acid residues was maintained in the composition of the peptides 
to ensure adequate solubility in aqueous solutions. 

Structural features of the novel peptides 

15 The invention provides a formula for novel peptides with an amino acid 

composition such that the peptide is amphipathic, cationic, forms a stable a-helix and has the 
following amino acid sequence comprising at least 12 amino acids: 

Ri-R2-Ai-Bi-(A2-B2-Ci-A3)m-(C2)n-R3, wherein 

A= an amino acid selected from the basic amino acids Lys,Arg or His 

20 B= an amino acid selected from the aromatic amino acids Phe, Trp or Tyr 

C= an amino acid selected from the group comprising the hydrophobic amino acids Leu, 
He, Val or Ala, 

and said peptide has either the orientation according to the formula or the retro orientation 
thereof, wherein at least 0-m of the repetitive sequence motifs (A2-B2-C1-A3) have the retro 
25 orientation and the remaining repetitive motifs (A2-B2-C1-A3) have the orientation as 
presented in the formula and wherein: 

R1-R2- and R3 are a nvimber of amino acids, said number preferably ranging from 0-15 for the 
combination of Ri and R2 and for R3 separately and wherein 
m=l-10, preferably 2-8, more preferably 2-5 and 
30 n=l-3. 
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From the examples a value of n=3 is clearly a suitable embodiment. A further suitable peptide 
comprises R2 selected from the group of sequences consisting of A4C3A5A6, wherein A and C 
are as defined above for A and C. Suitable other meanings of Ri are Glyp, wherein p=0-10 
and Alaq, wherein q=0-10. A peptide according to the invention must not be too long as this 
5 reduces the efficacy. Suitably R1-R2- and R3 will each comprise a number of amino acids 
ranging from 1-10. A peptide wherein either R1-R2- or R3 or both are absent also is covered 
by the invention. A peptide wherein R1-R2- or R3= a number of amino acids ranging from 1- 
5, preferably from 1-3 forms a suitable embodiment of the invention. As is apparent from the 
examples a peptide according to the invention wherein R1-R2- or R3=l amino acid functions 

10 remarkably better than the prior art peptides tested as well as better than other derivatives. 
The nature of the amino acids of R1-R2- or R3 is less critical than the portions designated A B 
and C. The combination of the amino acids forming the peptide must in total however result 
in a cationic amphiphatic molecule. The composition of R1-R2- or R3 can be such that it 
comprises an amino acid different to those of group A, B or C. The peptide can even only 

15 comprise R1-R2- or R3 with amino acids different to those of A, B and C. The peptide can be 
Unear or cyclic, monomeric or polymeric. 

In general the peptide length according to the invention should not exceed 50 amino 
acids. Suitable size for a peptide according to the invention will be 12-40, preferably 12-30 
amino acids in length. Any length comparable to the amino acid sequences illustrated in the 
20 examples is suitable. A length of 15-25 amino acids falls within this definition. 

Although the total length of the peptide according to the invention, when used as a 
medicament, preferably does not exceed 50 amino acids, the total length may be longer when 
used in diagnosis. In particular the essential sequence as disclosed above can be contained in 
a longer peptide sequence; such longer peptide sequences may comprise spacers and the like, 
25 for allowing coupling to carriers or to other diagnostic aids, for example as fusion proteins. 

Such fusion proteins and their production are well-known in the art and include, but 
are not limited to, glutathione-S-transferase, maltose binding protein, metal-binding poly- 
histidine, green fluorescent protein, luciferase and beta-galactosid2ise. The peptide may also 
be coupled to non-peptide carriers, tags or labels that facilitate tracing of the peptide, both in 
30 vivo and in vitro, and allow for the identification and quantification of binding of the peptide 
to substrates. Such labels, tags and carriers are well-known in the art and include, but are not 
limited to, biotin, radioactive labels and fluorescent labels. 



^5- 



BO 40726 US 



12 



PCT/NL97/00449 



The amino acids defined above may be L-amino acids or D-amino acids or mixtures 
thereof Further, it is to be understood that non-natural amino acids can be used instead of the 
corresponding natural amino defined above. Thus, in the defmition of A, a,y-diaminobutyric 
acid, a,5-diaminovaleric acid (ornithine), a-amino-e-amidinocaproic acid (indospicine), and 
the like are equivalents of lysine, arginine and histidine; in the definition of B, homo- 
phenylalanine, p-naphthyl-alanine, thyronine, and the like are equivalents of phenylalanine, 
tryptophan and tyrosine: and in the definition of C, a-aminobutyric acid, a-aminovaleric acid 
(norvaline), norleucine and the like, are equivalents of leucine, isoleucine, valine and alanine. 

As stated above, the peptide may have thelorientation of the formula given above or 
10 may have the retro orientation as a whole or in pa^. Any of the repetitive sequences can thus 
be in the retro orientation i.e. (A-C-B-A) or the orientation given in the formula, wherein the 
remaining groups are in the orientation as given An the formula. In a suitable embodiment as 
is apparent firom the examples a peptide has th^repetitive sequence (A-B-C-A) present in the 
retro orientation more often than in the orientg/fion as presented in the formula, and/or at least 
1 5 one repetitive sequence has the orientation the formula (ABCA) and at least one has the 
retro orientation (ACBA). It is to be noted/that in repetitive sequences A, B and C may be 
different from each other, e.g. A2 may .be ILys in the fu:st sequence and Arg in the second, etc. 

Examples of amphiphilic cationic peptid^ of the formula are: 

BPl Gly-Arg-Leu-Arg-Lys-Lys-Tip-Lys-AJa-Phe-Lys-Lys-Phe-Leu-Lys-Ile-Leu-AJa-^ 
20 (sequence id. No. 1) / 

BP2 Gly-Lys-Trp-Lys-Leu-Phe-Lys-Lys-AJa-Phe-Lys-Lys-Phe-Leu-Lys-Ue-Leu-Ala-C^^ 

(sequence id. No. 2) / 
BP2.3 Gly-Lys-Trp-Lys-Ala-Phfe-Lys-Lys-Ala-Phe-Lys-Lys-Phe-Ala-Lys-Ile-Leu-Ala-G^^ 

(sequence id. No. 3) / 
25 BP2.4 Gly-Lys-Trp-Lys-Leu^he-Lys-Lys-AJa-Phe-Lys-Lys-Phe-Leu-Lys-Ue-]^^ 

(sequence id. No. 4)/ 
BP2.5 Cys-(Gly)9-Lys-Tr/Lys-AJa-Phe-Lys-Lys-Ala-Phe-Lys-^ 

Ala-Cys-Gly (sequence id. No. 5) 

Examples of cationic pep/ides similar to those of the formula according to the invention are: 
30 BP 1 . 1 Gly-Lys-Leu-L/s-Lys-Lys-Trp-Lys- Ala- Ala-Ly s-Lys-Phe-Leu-Lys-Lys-Cys-Ser 
(sequence id. No. 6) 
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BP2.1 Gly-Lys-Trp-Lys-Leu-PJie^l5^s-Lys-Ala-Ala-Lys-L^^ 

(sequence id. N^.-^T) 
BP2.2 Gly-L5^p3Ptp^.ys-Ala-Phe-Lys-Lys-Ala-Ala-Lys-Lys-Phe-^ 

(seqdence id. No. 8) 

5 Where required, a biotin label was introduced at the C-terminal Cys after synthesis 

or in situ at the N-terminal during the last cycle of peptide synthesis. Peptides BPl and BP2 
were biotinylated at the thiol group of the C-terminal Cys with the use of Biotin-HPDP 
(Pierce Chemical Company, Rockford, IL ) and BP2.1 and 2.2 with the use of a biotinylated 
N-terminal Gly residue. 

10 The synthetic peptides are useful as novel antibiotics for the elimination of multi- 

drug resistant (MDR) bacteria, for the detection of femtomolar amoxmts of endotoxin, for the 
detoxification of endotoxins in biological fluids or pharmaceutical preparations and in the 
prevention or treatment of septic shock in mammals including humans. The recommended 
dosage for use in the prophylaxis or treatment of septic shock initiated by bacterial infection 

15 is estimated to be in the range of 0.1 to 0.5 mg/kg body weight depending on the risk of 
infection or severity of the disease condition. The compounds may be administered 
parenterally using well known pharmaceutical carriers or inert diluents. The compoxmds can 
be stored in dry form and dissolved in diluent, preferably pyrogen-free saline immediately 
prior to administration. The novel peptides may be synthesized by classical methods of 

20 peptide chemistry using automated or manual techniques well known in the art. Such 
technology is considered to be incorporated by reference. An example is Merrifield Sythesis 
or PEPSCAN. The examples of the description provide illustration of a synthesis process that 
can suitably be applied. 

Description of the preferred embodiments 

25 The procedure used in the synthesis of the peptides of the invention employed 

conventional Fmoc (9-fluorenylmethoxycarbonyl) solid-phase chemistry. Li the automated 
procedure, A MILLIGEN Model 9050 peptide synthesizer (MILLIPORE, Burlington, MA) 
was loaded with 0.05 mmole of N-a-pmoc-L-amino acid substituted NovaSyn TGA resin 
(Calbiochem-Novabiochem AG, Laiifelfingen, Switzerland). N-ct-Fmoc-L-amino acid-O- 

30 pentafluorophenyl residues (Fmoc-aa) of the required amino acids were used in the sequential 
synthesis of the peptide. Side chain protecting groups of the N-a-Fmoc-protected amino acid 
were as follows: t -butyloxycarbonyl (Lys, Trp), 2,2,5,7,8-pentamethylchroman-6-sulphonyl 
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(Arg) and t-butyl (Cys, Ser). The immobilized C-temiinal Fmoc-protected amino acid, was 
treated with piperidine (20% v/v) to remove Fmoc from the a-amino group. Four equivalents 
of each N-protected amino acid were activated and coupled with a five-fold molar excess of 
TBTU/HOBt (2-(lH-ben20triazole-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate/ N- 
5 hydroxybenzotriazole). After completion of the synthesis, the peptide was simultaneously 
cleaved from the resin and deprotected using 92% (v/v) TFA in the presence of 2% (w/v), 
phenol 2% (v/v) water and 2% (v/v) ethanedithiol and 2% (v/v) thioanisole as scavengers. 
Free peptides were separated from the resin by filtration, repeatedly extracted with ethyl ether 
and purified by reverse-phase high pressure liqiiid chromatography (RP-HPLC) on a Ci8 
10 column (Delta-Pak, Waters, Bedford, MA) using a 0-60% acetonitrile gradient in 0.05% 
TFA. The purity of the synthetic peptides was determined by analytical RP-HPLC and amino 
acid analysis by the Pico-Tag method (Waters, Bedford, MA). Purified peptides were stored 
at -70^C either in lyophilized form or in pyrogen-free water at a concentration of 2 mg/ml. 

Experimental observations: 

1 5 Antibacterial activity / 



Bactericidal activity of the peptides of flie invention was demonstrated by 
^determining the effect on survival of representative ^ram-negative {Escherichia coli serotype 
0111:B4) and Gram-positive (Staphylococcus aureus) bacteria in liquid culture relative to a 
control wdthout added peptide. A peptide encompassing a selected LPS-binding domain from 
20 a well characterized human antiendotoxin protein, known as bactericidal/permeability 
increasing protein (BPI), from amino acids ^^s/to 102, denoted as BPI(85-i02), was included for 
a direct comparison of the efficacy of the endotoxin-binding domain of a naturally occurring 
protein and the synthetic peptides of the invention. The amino acid sequence of the BPI(85-i02) 
peptide is: 

25 Ile-Lys-Ile-Ser-Gly-Lys-Trp-Lys-Ala-dln-Lys-Arg-Phe-Leu-Lys-Met-Ser-Gly-(Cys) 

The BPI(85-i02) reference peptide was synthesized as previously described for peptides of the 
invention and provided with a C^ierminal Cys residue for the purpose of biotinylation as 
previously described. A dose-dependent reduction in the cell-density of both Gram-negative 
and Gram-positive bacterial cultures was evident with BPI and BP2, contrary to the 
30 BPI(85.i02) peptide, which showed a slight effect on Gram-negative bacteria and no effect on 
Gram-positive bacteria (Table 1). Incubation of various concentrations of the synthetic 
peptides according to the invention for a limited time period on the survival of both types of 
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bacteria again illustrated their potent anti-microbial activity as opposed to that of the 
BPI(85-i02) peptide (Fig. 1) with the sequence corresponding to that of the potential LPS 
binding domain of the native BPI protein. This is indicative of a broad specificity of the 
synthetic peptides, in keeping with the general bactericidal raoperties of this class of linear 
5 amphipathic a-helical peptides. To demonstrate the influence of peptide sequence as defined 

by the formula of the invention on antibacterial propertied analogues were designed so as to 
contain subtle sequence differences compared v^th the/representative BPI and BP2 peptides 
of the invention. The absolute requirement for a tanaem array of 2 or more of the repetitive 
sequence motifs (A2-B2-Ci-A3)m, flanked by a Itydrophobic C-terminal domain (C2)n, was 

10 demonstrated v^th the use of the BP 1.1, BP2.1/aerivatives. The B2 residue in the N-terminal 
repetitive sequence element in each instanci^ instead of an aromatic amino acid residue, as 
specified by the formula of the inventfon, was replaced with an Ala residue and the 
hydrophobic (€2)11 element made hydrophilic by substitution with Lys and Cys residues. 
Although the overall homology h&rween these derivatives and that of the parent peptides 

15 according to the invention is hi^, no detectable anti-microbial activity of the derivatives was 
apparent even at the highest/£oncentration tested (20 ^g/ml). The BP2.3, BP2.4 and BP2.5 
peptides according to th^ invention displayed sixnilar anti-microbial efficacy as the BP2 
peptide under the sam^onditions (data not shown). 

An additional series of experiments were performed to investigate the antibiotic 

20 properties of peptides of the invention under simulated physiological conditions in whole 
blood ex vivo, against a clinically relevant pathogenic Gram-negative bacterium (Escherichia 
coli 018:K1 :H7 Bort). In a typical example, BP2 peptide at a concentration of 5 ^g/ml (2 |aM) 
effected a 95% reduction of viable bacteria fi-om an initial concentration of 10^ colony 
forming units (CFU)/ml of citrated whole blood, v^thin 20 minutes of incubation at 37°C to a 

25 > 99% reduction after Ih compared to samples without added peptide (data not shown). 
These results illustrate potent antimicrobial properties of the peptides of the invention against 
microbial pathogens in whole blood and suggest a high therapeutic potential for the treatment 
of clinical bacteremia. 

LPS-binding properties 

30 Specific binding of the synthetic peptides of the invention to isolated heterologous 

LPS via the Lipid A moiety was demonstrated by double-immunodiffiision, turbidity and 
ELISA microplate endotoxin binding techniques. Double-immunodiffusion of the peptides of 
the invention against 'rough' R-type E. coli D3 lm4 Re-LPS (List Biological Laboratories Inc., 
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CA) or the structurally more complex 'smooth' S-type E, coli 01 1 1 :B4 LPS (Sigma Chemical 
Co., Rockford, IL) was performed in 0.8% (w/v) agarose containing 50 mM Tris and 0.1% 
(w/v) Triton XlOO, pH 7.5. for 16h at 20 ''C. PmB and BPI(85-io2) were included as control 
compounds for comparative purposes. The microprecipitates formed were visualized by 
5 Coommassie brilliant blue staining. The results clearly demonstrated a concentration 
dependent precipitation of Re and 01 1 1 LPS by the peptides according to the invention (data 
not shown). The amount of precipitate generated by the peptides with Re LPS at the same 
molar ratio of peptide to LPS, was comparable to that with PmB, indicating a similar affinity 
of the synthetic peptides for Lipid A. PmB, however, failed to precipitate 0111 LPS in this 

10 system. The fact that the BPI(85-i02) peptide precipitated considerably less Re or 0111 LPS 
demonstrated a markedly higher aflfmity of peptides according to the invention for endotoxin 
than BPI(85-i02). Since the amount of precipitate formed is a function of valency, the peptides 
of the invention appear to be capable of a high degree of intermolecular binding of LPS 
molecules via the Lipid A moieties. Measurement of the amount of endotoxin complexation 

15 by comparison of the staining intensity of insoluble precipitates with varying peptide to 
endotoxin molar ratios, indicated that the stochiometry for optimal complexation of 
endotoxin by the synthetic peptides according to the invention is 1 mole of peptide to 2 moles 
of endotoxin. A turbidity assay was employed for a direct comparison of the endotoxin- 
binding activity or avidity of selected synthetic peptides according to the invention using the 

20 'rough' serotypes E, coli Re or Rc (J5) LPS. PmB and BPI(85-i02) were included as control 
compounds for comparative purposes. The degree of precipitation of endotoxin by the 
synthetic peptides according to the invention was determined by measurement of the optical 
density of insoluble complexes formed at 340 nm (Fig. 2). In most instances optimal 
complexation of Re or J5 LPS by the synthetic peptides of the invention was evident at a 

25 molar ratio of peptide to endotoxin of 1 to 2. The control BPI(85-io2) peptide was required at a 
4-fold molar excess for approximately the same degree of complexation. The avidity, 
expressed as the degree of insoluble peptide-endotoxin complex formation with a 2-fold 
molar excess of synthetic peptide under the conditions of the assay was 
BP2.1>BP2.2>BP2>BPl>PmB >BPI(85-i02). There was no significant difference between 

30 complexation of Re or the structurally more complex J5-LPS by the synthetic peptides. 
Determinations of the time-course of the precipitation reaction indicated that maximum 
precipitation of LPS occurs within 5 minutes at room temperature (data not shown). The 
Lipid A binding afSnity of the synthetic peptides were directly compared in a solid-state 

r 
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endotoxin-binding assay. Binding characteristics of biotinylated derivatives of the synthetic 
peptides BPl, BP2, BP2.1 and the control peptide BPI(85-i02) were determined on ELISA 
microtiter plates coated with E. coli D31m4 Lipid A. Specific binding of the biotinylated 
peptides to the immobilized Lipid A was determined by development with Streptavidin-HRP 
5 and 3, 5, 3', 5' tetra-methylbenzidine (TMB) substrate and expressed as the corrected optical 
density at 450 nm. The apparent binding affinities of the various peptides calculated by 
means of a Scatchard plot were: BP2 (Ka= 1.9 x 10^ M"^), BPl (Ka= 0.9 x 10^ M"^), BP2.1 
(Ka = 0.4 X 10^ M"^) and BPI(85.i02) (Ka = 0.2 x 10^ M"^). Comparison of these binding 
affmities shows marked differences in affinity for Lipid A in the order BP2 > BPl > BP2.1 > 

10 BPI(85-i02) (Fig. 3). In addition, the BP2 peptide exhibits an approximately 20-fold higher 
affmity for Lipid A compared with the known high affinity LPS binding molecule, 
Polymyxin B (Ka =10^ M'^). In this instance, the BP2 peptide displayed the highest degree of 
binding to the immobilized Lipid A, as opposed to the turbidity assay with LPS in solution, 
which indicates a greater potential for intramolecular binding than the other peptides. The 

15 affinity of the novel synthetic peptide BP2 for endotoxin of increasing complexity as well as 
the effect of plasma on binding was examined with the use of the ELISA microplate assay. 
The results (Fig. 4) show that the degree of binding of BP2 decreases with increasing 
complexity of immobilized LPS and may reflect steric hindrance by the long polysaccharide 
core and O-antigen side-chains of the more complex endotoxins under conditions of 

20 immobilization. The presence of up to 5% (v/v) heat-treated, clarified plasma had no 
significant effect on binding of the novel peptide BP2 to endotoxins of increasing complexity, 
indicating that the binding is specific and of high affinity. 

To determine the binding capacity of immobilized synthetic peptide BP2, which 
displayed the highest apparent binding affinity for Lipid A (Ka= 1.9 x 10^ M"^), streptavidin- 

25 coated supramagnetic polystyrene beads (Dynabeads M-280, Dynal A.S., Oslo, Norway), 
saturated with biotinylated BP2 peptide were incubated with various concentrations ofE. coli 
J5 LPS, labeled with the use of a N-hydroxysuccinamide ester of a ruthenium (II) tris- 
bipyridine chelate (TAG-NHS-ester). Capture of the TAG labeled J5 LPS by immobilized 
synthetic peptide was quantitated by electrochemiluminescence detection subsequent to 

30 washing steps with phosphate buffer containing 0.1% (w/v) Triton XI 00 to remove excess 
xmbound LPS. The results show a linear concentration-dependent capture of TAG-LPS by the 
immobilized peptide up to a stochiometric ratio of peptide to LPS of 1 to 2, reaching 
saturation with an 8-fold molar excess of endotoxin (Fig. 5). This confirms the high capacity 
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of immobilized peptides of the invention for endotoxin in solution. These experiments 
demonstrate that the peptides of the invention bind to heterologous LPS with high affmity 
and are universal lipid A binding ligands. The above mentioned microplate experiments were 
employed to determine the endotoxin binding activity and specificity of the synthetic peptides 
5 and formed the basis for the development of a novel highly sensitive endotoxin assay. 
Experiments utilizing the biotinylated BP2 peptide in an ELISA microplate Lipid A binding 
assay indicated that 1 pg/ml E. coli 0111:B4 LPS was capable of inhibiting binding of the 
synthetic peptide to immobilized Lipid A by 65% (Fig. 6). This competitive binding 
inhibition was found to be linear with 0111 :B4 LPS concentrations fi-om <0.1 to 1000 pg/ml 

10 m the presence of 1 to 5 % (v/v) heat-treated, clarified EDTA plasma, with the lower limit of 
detection of this novel endotoxin assay at the femtomolar level (Fig. 7). The same degree of 
concentration-dependent inhibition was observed when various amoimts of added endotoxin 
were assayed directly in plasma dilutions. The results demonstrate the preparation of a highly 
selective and sensitive agent to detect trace amounts of LPS in physiological fluids and 

15 pharmaceutical preparations by means of the Endotoxin Inhibition ELISA (EIE) microplate 
technique. 

LPS-neutralizing properties 

In vitro detoxification 

The endotoxin neutralizing activities of the synthetic peptides of the invention were 
20 evaluated by investigating the effect on LPS-stimulated release of the pro-inflammatory 
cytokines, tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6) or interleukin-8 (IL-8) in 
a well characterized in vitro human whole blood bioassay system. In one series of 
experiments, dilutions of E, coli 0111:B4 LPS fi-om 0.2 to 1 ng/ml were pre-incubated with 
synthetic peptides at 10 ^g/ml concentrations m RPMI medium for 30 min at 20 ''C and 
25 added to diluted whole blood. Cytokine concentrations in the supematants were determined 
after fiirther incubation for 16 h at 37 °C in the presence of 5% CO2 by specific and sensitive 
ELISA kits (CLB, Amsterdam, The Netherlands). In another series of experiments, the effects 
of synthetic peptides at concentrations of 2,5, 5 and 10 l^g/ml on lL-6 induction by 1 ng/ml 
0111:B4 LPS was examined after simultaneous addition of synthetic peptide and LPS to 
30 diluted whole blood. The results demonstrate total inhibition of the pro-inflammatory 
cytokines TNF-a, lL-6 or IL-8 production due to highly efficient neutralization of LPS by 
pre-incubation with the synthetic peptides of the invention (Fig. 8). Simultaneous addition of 
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synthetic peptides and LPS showed that BPl or BP2 at concentrations as low as 1 were 
capable of completely inhibiting IL'6 production by endotoxin in the complex environment 
of whole blood (Fig. 9). The control peptide BPI(85-i02) was ineffective in reducing cytokine 
production under these conditions even at a 4-fold higher concentration. This probably 
5 reflects the differences in binding affinity for Lipid A of BPl and BP2 compared with the 
BPl(85-i02) peptide of approximately 5 and 10-fold, respectively. An additional factor which 
may have influenced binding of the control peptide to endotoxin is the presence of heparin 
employed as an anti-coagulant at a concentration of 100 I.U/ml in the assay system. The 
consensus binding domain derived from a large number of heparin-binding proteins was 

10 found to partially overlap the potential LPS binding domains of the synthetic peptides 
indicating that the presence of heparin at a high enough concentration, could effectively 
compete with endotoxin for binding to the synthetic peptides and effectively reduce the 
endotoxin neutralizing activity. On this basis, it was predicted that the extent of reduction of 
endotoxin neutralizing efficacy would be a function of the differences in affinity between 

1 5 peptides for endotoxin and heparin. To verify this hypothesis, a series of experiments to 
determine the effect of increasing heparin concentrations on the efficacy of endotoxin 
neutralization during pre-incubation of synthetic peptide and E. coli 0111:B4 LPS were 
performed. Fig. 10 illustrates a dose-dependent suppression of endotoxin neutralizing activity 
of the synthetic peptides by heparin as exemplified by a reduction of IL-6 inhibition. The 

20 LPS-neutralizing activity of PmB, included as a control, was not influenced over the heparin 
concentration range employed. Calculations with the use of the specific heparin concentration 
that would reduce the efficacy of binding of BP2 to LPS by 50% (IC50 0.4U/ml) indicates 
that an approximately 10 000-fold molar excess of heparin with respect to LPS is required for 
this degree of competitive inhibition of the BP2 peptide. This observation implies that the 

25 affinity of the synthetic peptide BP2 is considerably higher for LPS than for heparin. The LPS 
neutralizing efficacy of the synthetic peptides BPl and the control peptide BPI(85-i02) were 
reduced by 75% and 80% respectively by the same heparin concentration indicating a 
relatively higher affinity of these peptides for heparin than for endotoxin. 



30 invention were compared in a more complex environment of whole blood ex vivo to 
determine the effect of physiological concentrations of blood components such as plasma 
proteins, blood cells etc. on the detoxification efficacy. In pre-incubation experiments, 
concentrations of synthetic peptides, control peptide or PmB from 1 to 10 H-g/nil were pre- 



In addition, the LPS-neutralizing activity of selected synthetic peptides of the 
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incubated with I ng/ml E. coli 0111 :B4 LPS in pyrogen-free saline for 30 min at 23 ^C, added 
to venous blood containing heparin at 2 LU/ml as anti-coagulant and incubated for 4h at 37 
*^C. TNF-a concentrations were determined in appropriately diluted cell-free supematants as 
described before. The results show (Fig. 11) almost complete inhibition of TNF-a production 
5 by the synthetic peptides BPl, BP2 or the control peptide BPI(85-i02) as well as PmB even at 
the lowest concentration used of 1 M^g/ml, essentially similar to the results obtained from the 
experiments with 10-fold diluted whole blood. The BP2.1 or BP2.2 peptide analogues, 
although approximately 80% and 70% homologous to the parent BP2 peptide, respectively, 
showed no significant reduction of TNF-a synthesis and were therefore not effective m 

10 detoxification of endotoxin under these conditions. This indicates that additional properties of 
synthetic peptides other than endotoxin binding are essential for LPS neutralization in a 
complex environment such as whole blood. 

To determine whether addition of synthetic peptide to whole blood ex vivo prior to 
endotoxin challenge was effective in endotoxin neutralization assayed in terms of cytokine 

15 production, a synthetic peptide of the invention BP2, and the analogues BP2.1 or BP2.2 were 
added at concentrations of 2.5 to 20 l^g/ml to whole blood and incubated for 10 min at 37 °C 
prior to the addition of 1 ng/ml E, coli 01 1 1 :B4 LPS. TNF-a concentrations were determined 
as previously described. Results show a dose-dependent inhibition of TNF-a production only 
by the BP2 synthetic peptide according to the invention, giving 57% inhibition of cytokine 

20 production at a peptide concentration of 20 ^ig/ml (Fig, 12). The structurally related LPS- 
binding synthetic peptide analogues BP2.1 and BP2.2 were ineffective in endotoxin 
neutralization under these conditions. 

In vivo detoxification 

The efficacy of the peptides of the invention in the protection of experimental 
25 animals against the toxic effects of LPS or live pathogenic bacteria was investigated with the 
use of murine models of lethal endotoxemia and peritonitis.Laboratory mice, which are 
normally tolerant to high doses of endotoxin and require a lethal dose (LDioo) of 
approximately 1 mg, may be sensitized v^th Actinomycin D to 10 000 x lower amounts of 
endotoxin for lethality. In the present model, a dose of 100 ng of purified LPS from E coli 
30 0111:B4 LPS per sensitized animal was found to produce a lethality of 100% within 24 to 
72h. Preliminary experiments indicated that the synthetic peptide BP2 when administered 
intraperitoneally (i.p) in pyrogen-free (p.f) saline to an outbred Swiss str£un of mice at 
dosages of 2.5 and 5 mg/Kg body weight was well tolerated with no adverse effects during a 
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2 week period of observation. In a series of experiments, groups of 4 to 6 Swiss mice 7 to 8 
weeks old, weighing 28 to 30 g were treated with the synthetic peptide BP2 solubiUzed in p.f 
saline by i.p injection at a dosage of 5 mg/kg body weight. Twenty minutes later, the mice 
were challenged by i.p administration of Actinomycin D at 800 Rg/Kg plus E coli 0111:B4 
5 LPS at 5 Hg/ Kg. The negative control groups only received Actinomycin D plus endotoxin. 
The survival of the treated animals was recorded at 24h intervals during a seven day period of 
observation and compared wdth the control groups. The combined results of three 
independent experiments show 0% survival in the control groups at 72h and a 75% survival 
at 7 days after treatment wdth the synthetic peptide of the invention (Fig. 13). Efficacy of 

10 peptides of the invention in the treatment of peritonitis in experimental animals was 
investigated using the clinically relevant pathogenic Escherichia coli strain 018:K1:H7 Bort. 
In a second series of experiments, groups of 6 to 8 outbred Swiss- Webster mice 7 to 8 weeks 
old were challenged by i.p injection of a pre-determined lethal dose of live bacteria (10^ 
CPU) in 0.5 ml pyrogen-free saline. After a delay of 1 h, treated groups received synthetic 

15 BP2 peptide in 0.5 ml p.f. saline at a dosage of 100 ng/mouse (4 mg/kg) and negative control 
groups only saline. The survival of the animals was recorded at 12 or 24 h intervals during a 7 
day period of observation and compared with the control groups. The combined results of 
two independent experiments show 7% survival in the control groups after 3 days compered 
to 78.5% survival at 7 days after treatment with the synthetic peptide of the invention (Fig. 

20 14). The peptides of the invention therefore provided a safe and effective protection of a 
highly significant number of experimental animals against the lethal effects of endotoxemia 
or peritonitis. 

The invention is not merely directed at the novel peptides but also at pharmaceutical 
compositions comprising such a peptide or a combination of such peptides as active 

25 component. A pharmaceutical composition must fiorther comprise said peptide in a form 
suitable for application to a mammal. This means it should be sterile and fi-ee of toxic 
components or contaminants. It can be in solution or any other dosage form suitable for 
pharmaceutical application. The dosage form and the composition of the pharmaceutical 
composition i.e. the presence of additives common to pharmaceutical applications of the 

30 nature envisaged are clear to a person skilled in the art for analogous applications with 
peptides as active component. A pharmaceutically acceptable carrier is required. The 
pharmaceutical composition according to the invention can be for treating one or more of 
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topical or systemic microbial or parasitic infections, topical or systemic tumors, inflammation 
or septic shock. 

The composition can be suitable for treatment of infection caused by an organism or 
compoxmd of an organism, said organism being selected from the group comprising a 
5 bacterium, a fungus, a virus or a parasite. Specifically as is clear from the example a 
pharmaceutical composition is envisaged for treating an infection caused by a bacterium. 
Numerous bacterial type infections can be treated such as those caused by a bacterium 
exhibiting multiple drug resistance (MDR). Another suitable bacterial type infection can be 
treated such as that caused by a Gram positive bacterium. Infections caused by a Gram 

10 negative bacterium can also be treated with a pharmaceutical composition according to the 
invention. The invention also covers a pharmaceutical composition for treatment of infection 
caused by a parasite such as the parasite causing malaria or Trypanosomiosis. A 
pharmaceutical composition according to the invention can comprise a mixture of equimolar 
amounts of at least two peptides of the invention preferably of the same molecular weight. 

15 The pharmaceutical composition according to the invention can comprise at least one peptide 
of the invention and an antibiotic from the class consisting of penicillins, cephalosporins, 13- 
lactams, aminoglycosides, quinolones, tetracyclines, macrolides, glycopeptides or lipo- 
peptides, hydrophobic antibiotics, ribosome inhibitors or antibiotics having a large lipid-like 
lactone ring or derivatives or analogues thereof. The peptide and the antibiotic may be 

20 administered in amounts effective to treat infections caused by multiple-drug-resistant 
bacteria. The peptide and antibiotic may act synergistically. 

The treatment for which the pharmaceutical composition is used can be curative or 
prophylactic. This will depend on the stage in which the patient is given the composition. 

Methods of treatment are also covered by the scope of the invention. Such a method 

25 can comprise treatment of a mammal including a human, comprising application of a 
pharmaceutical composition according to the invention in a manner known per se for 
applying a peptide comprising pharmaceutical composition to said mammal for any of the 
purposes defined for the pharmaceutical composition as such or in combination. The 
treatment can be applied after trauma or suspected infection has or can have occurred. The 

30 treatment can suitably be applied after surgery. 

Also belonging to the invention are methods of diagnosis e.g. comprising 
determining the presence of endotoxin in a sample of body matter of a mammal using a 
peptide according to the invention in a manner known per se in an assay capable of detecting 
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degree of binding to Lipid A. Such an assay is illustrated in the examples and can be a solid 
state Lipid A binding assay. Another suitable embodiment comprises contacting a sample of 
body matter of a mammal with a peptide according to the invention and assessing whether 
complex formation between said matter and the peptide occurs and optionally determining 
5 how much complex formation occurs in a manner known per se. Such an assay is illustrated 
in the examples and can be a solid state Endotoxin Inhibition Lipid A binding assay. A 
method according to the invention is preferred, wherein the sensitivity is higher than 
obtainable v^th the Limulus assay on said sample. The sensitivity is preferably such that a 
detection level of 10 pg/ml in plasma is achieved. A sensitivity such that a detection level of 

10 < 0. 1 pg/ml in plasma is achieved is now obtainable. 

Another application of the invention lies in a method for removal of endotoxin from 
a sample, comprising contacting said sample with a peptide according to the invention and 
removing the resulting complex of endotoxin and peptide in a manner known per se, such as 
an assay with immobilised peptide. In a preferred embodiment the endotoxin can be removed 

15 to a substantial level. Substantial implies more than 95%, preferably more than 98%. 

A method for removal of LPS from a sample, comprising contacting said sample 
with a peptide according to the invention and removing the resulting complex of LPS and 
peptide in a manner known per se, such as an assay with immobilised peptide is also 
envisaged. 

20 The treatment methods and other methods according to the invention as disclosed 

above can be carried out on samples derived from or consisting of donor material for 
transplant or implant. Obviously blood and plasma samples can be treated in such a manner 
to great advantage. 
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